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BERYLLlUMi  T0XIC0L0C5Y,  CLINICAL  ASPECTS  OF  DISEASES, 
LABOR  HYGIENE 


-  USSR  - 

Following  1b  a  txanalatlon  of  parts  of  the  Russian- 
longuBce  book  by  Valentin  Mikhaylovich  Kozlov  and 
Valentin  Dnitrlyevioh  Turovskiy  Berilllvi 
toktikologlva^klinlRa  poraahenlv.  gigivena  truda 
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Labor  Hygiene ),  State  Publishing  House  for 
Literature  in  the  field  of  Atomic  Solenne  and 
Teohnologyi  Mosoow,  1962,  120  pages.  Complete 
bibliographic  information  aooompanies  eaoh  article. 

HOlEi  All  names  in  the  text  are  approxlmatlonB  as 
transliterated  from  the  Csrrillio. 


Table  of  Contents  Page 

Lhcporimental  Toxicology  of  Beryllium  and  Its  Compounds  1 

Labor  Hygieno  in  Working  with  Bezyllium  16 

Protection  of  the  External  Environment  from  Beryllium 

Contamination  27 


-  a  - 


EBCIERHiEHCAL  TCKIOOLOGY  OP  BERYLIIDK  AMD  ITS  COMPOUNDS 


^Ebllowln^  is  a  translation  of  Chapter  3  of  a  'book  by 
Valentin  Hlkhaylovioh  Kozlov  and  Valentin  Dmitrlyevioh 
Turovalciy  Berllllvi  To^ikolottiva.  Klinika  Porazhenlv. 
Qjglvana  Truda  (Berylliuffli  Toxloology,  Clinloal  Aspects 
of  Diseases,  Labor  Hyt^lene),  State  Publishing  House  for 
Literature  in  the  Field  of  Atomlo  Solenoe  and  Teohnology, 
Moaoow,  1962,  pages  19-51j7 

The  toxic  properties  of  beryllium  were  first  investigated  by 
the  German  soientist  I*  Blek  in  1882*  He  asserted  that  beryllium 
in  its  biologlool  action  is  not  toxlo  but  is  similar  In  this  respeot 
to  such  metals  as  advaaiibiin  and  iron* 

Sayyema  (1686)  and  Komar  (1935)  arrived  at  a  ooopletaly 
different  oonolusion*  They  established  the  exlatonoe  of  toxlo 
properties  for  beryllium  when  its  dissolved  salts  were  introduced 
internally  into  experimental  animals* 

V/hile  studying  the  effect  of  fluorine-beryllium  oompounds, 
when  inhaled,  on  the  organism  of  test  animals,  A.  M*  llsgnltskly, 

E*  M.  Zamakhovskaya,  (31)  and  others  oeme  to  the  oonolusion  that  the 
main  aotlve  element  is  fluorine*  At  the  aame  time  the  authors 
indicate  that  beryllium,  in  a  highly  dloperaed  condition,  also  has  a 
toxic  action  which,  hovrevor,  is  weaker* 

Some  aoientists  (lllslop,  Talmanls,  Alford,  Monaco,  and 
Peiergol)  (32)  who  in  1943  were  inveetigatlng  the  toxicity  of 
beryllium  and  its  oonpounds  denied  the  presenoe  of  toxlo  qualities 
for  beryllium,  contending  that  the  detected  pathologioal  changes 
whioh  had  ooourred  dviring  the  uee  of  beryllium  salts  on  test  animals 
were  the  result  of  tlie  aotlon  of  aold  radioalB  and  the  hydrolysis  of 
these  salts  in  the  organism  of  the  animals  and  were  not  the  result 
of  the  aotlon  of  beryllium  itself. 

Through  the  work  of  Soviet  and  foreign  reseaxohers  it  was 
established  that  beryllium  has  a  high  toxioity  whioh  depends  on 
the  degree  of  dispersion  of  the  compounds  whioh  are  used,  their 
solubility  in  water,  and  also  the  methods  of  introducing  the 
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beryllium  salta  into  the  oraaiiiam  of  the  experimental  animals# 

In  studying  the  action  of  beryllium  on  protein  and  on  very 
simple  orgoniema,  S«  V.  Vol'tor  (33)  noted  that  solutions  of 
beryllium  oxyfluorida  and  beryllium  chloride  in  acting  on  lOfS 
solutions  of  egg'  ’.fhite  and  mare's  whey  cause  an  opalescing  of  the 
solution  from  the  very  beginnins  of  the  reaction  and  the  appearance 
of  a  precipitate  after  standing,  which  indicates  the  disruption  of 
the  molecular  structure  of  the  protein  as  a  result  of  the  action  of 
beryllium, 

Compoun(\s  of  beryllium  in  oonoentrations  of  It  10,  IMOO, 

It  1,000,  and  It  10,000  depress  the  aotivlty  of  Infusoria  Parameoivim) 
their  movement  is  slowed)  the  body  olianges  from  an  elongated  to  a 
spherical  shape)  the  protoplasm  becomes  cloudy,  sometimes  disintegrating 
into  separate  parte* 

The  toxic  action  of  an  aq^xeous  solution  of  BaCl2  on  Bafnim 
crabs  was  exliibited  in  a  lowering  of  their  life  span  in  oomparison 
with  that  of  nontrol  apaoimans.  (34) 

On  the  baeie  of  research  conducted  by  S,  V.  Vol'ter  and 
0.  D.  Lebedeva,  it  was  established  that  beryllium  oxyohlorlde  end 
beryllium  oliloride  aot  similarly  to  the  ealts  of  heavy  metals*  They 
precipitate  protein  in  vitro,  depress  tho  activity  of  unicellular 
and  eifiiple  organisms  and  denature  the  protoplasm  of  cells* 

The  Toxloity  of  herylllum  when  Introduced  hubo\;t,aneouBly  or  Intra- 
AbdcmlnAllv 

In  tho  onse  of  suboutaneoua  or  intra-abdoninal  injection  of 
berylllijm  In  mammals  there  is  a  shnrp  local  lnf]amation  of  the 
tissue  which  becomes  cluronio*  lilstochemiccl  rosearoh  Indioates  that 
beryllium  in  the  form  of  free  ions  is  flxod  by  the  tiaaue  at  the 
site  of  Injeotlon,  firmly  linking  with  the  tissue  protein*  The 
death  of  tlie  ajiimala  in  this  oaae  oomos  only  after  the  introduction 
of  very  lorge  doses  of  beryllium* 

V.  N*  Aldridge,  J.  11.  Barnes,  and  F.  A.  Benz,  (32)  in 
studying  the  action  of  beryllium  sulfate,  beryllium  chloride  and 
beryllium  lactate  when  introduced  subcutaneously  and  intra- 
abdomiaally  in-to  laice  and  rabbits,  established  that  a  dose  of 
3  milligrams  per  Ulogrem'.  of  weight  of  the  animal  does  not  kill 
mice.  Only  borylliura  oxyfluoride  is  lethal  in  these  concentrations; 
however,  death  occui's  because  of  fluorine  poisoning.  The  sodium- 
beryllium  tartrate  proved  to  be  more  toxic  In  subcutaneous  injection 
than  borylliura  lactate  or  berylliu..i  sulfate. 
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The  reaearoh  conducted  by  S.  V,  Vol'ter  (53)  established  the 
fatal  doses  of  beryllium  oxyfluoride  ojid  beryllium  chloride  for 
white  rate  when  introduced  aubcutaneouslyi  In  order  to  kill  a  rat  in 
three  days  it  is  neoassary  to  uee  not  less  than  )6  milligrams  of 
beryllium  chloride  per  kilo£ram  of  weight  of  the  animal  or  5  milli¬ 
grams  of  beryllium  oxyfluoride* 

F«  Voskreeenakly  (35) »  on  the  basis  of  experimental  work» 
established  the  fatal  doses  of  beryllium  oxide  for  suboutaneous 
injection  in  white  rats  as  10  milligrams  per  kilogram  of  weight  of  - 
the  animal  and  in  rabbits  as  20  milligrams  per  kllogrami 

Some  authors  surmise  that  in  the  suboutaneous  introduction  of 
berylliuffli  stable  compounds  are  formed  with  the  tissue  protein* 
Hovrever*  the  work  of  A.  Vorvald  and  A.  Revis  (36),  who  conducted 
testa  in  vitro,  established  the  faot  that  beryllium  does  not  form 
complexes  with  the  proteins. of  perum*  but  rather  produces  insoluble 
precipitates  consisting  of  bexylllum  hydroxide  and  phosphates. 

Ft  At  Sutra  (32)  made  an  attempt  to  obtain  the  formation  of 
granulated  akin  in  experimental  animals,  using  for  this  purified 
coffipoundB  of  beryllium  and  metallic  beryllium.  During  the  exp#rls*rit 
the  organlem  reacted  differently  to  the  metal,  beryllium  oxide,  and 
various  fluoresoent  powders  containing  beryllium  oxide. 

The  reaotlon  to  tho  introduotlon  of  the  powder  into  tie 
subcutaneous  collul  '-r  tissue  throu^i  an  incision  in  the  skin  was 
observed  chiefly  in  the  suboutaneoue  fat  loyer,  directly  under  the 
epldanida,  and  \/aa  charaoterized  by  a  sharp  inflammation  with 
proliferation  of  fibroblasts  and  activity  of  the  mononuoloar 
phagocytes.  The  fibrosis  and  phagooytosls  of  particles  of  fine 
powder  in  a  short  time  become  dominant,  and  already  in  5  (or  more) 
days  the  reaction  was  of  the  nature  of  a  ohronlo  inflammation. 

Powdered  metallio  beryllium  and  beryllium  oxide  oaueed  the 
formation  of  giant  cells  and  led  to  a  granulomatoua  liifleamatlon 
of  a  non-epeolfio  type.  In  the  skin  and  In  the  suboutaneous  fat 
tissue  there  appeared  bundled  masasB  of  large  mononuoloar  oella  and 
giant  oella  containing  powdery  psrtiolee  which  had  been  absorbed. 
Small  quantltlea  of  lymphocytes  were  often  ooatterod  ttooughout 
these  granulomas.  After  several  months  tho  granulomatous 
afflictions  beaune  less  and  oonsiotod  almost  solely  of  mononuoloar 
phagocytes  filled  with  powder  and  of  giant  cells  within  the  fibrous 
tissue. 


The  fluoresoent  powders  caused  the  formation  of  granulomatous 
nodules  oonslstlng  of  rings  of  freely  organized  collagenous  tissue 
in  which  there  vfere  very  many  monomuolear  phagocytes  and  giant 
cells  and  nur<ierous  lymphocytes. 
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Ths  Toxiolty  of  beryllium  When  In-broduoed  Internally 


When  beryllium  is  introduced  internally,  ite  toxic  action  is 
more  notable  and  does  not  dei^end  on  the  acidity  of  the  solution  or 
the  properties  of  its  anions.  Soluble  beryllium  oompovmds  proved  to 
be  the  most  toxio,  causing-  death  in  test  anii.ials  when  used  in  small 
oonoentrntions.  Beryllium  salts,  whan  introduced  into  the  blood- 
stroam,  vary  iiuiokly  enter  the  tissue  of  various  orij-ans, 

V/ithin  24  hours  after  its  introduction,  aooording  to  the  data 
of  V.  il;  Mdrid^,  J«  ii,  Barnes,  and  ?•  A.  Benz  (32),  beiyllixun  is 
detected  in  the  following  organs  (as  a  percentage  of  the  total 
amount  of  beryllium  introduoed  into  the  organism) ; 


liver . 27.5 

spleen . 2,6 

kidneys . 0,8 

lungs . 0.7 

intastinee  .......  2.8 


Berylliiun  ie  not  detected  in  the  heart  muscle,  brain,  skin, 
or  skeletal  ;nuaoulaturc ,  It  is  absent  in  ti'.a  akeleton  throughout  the 
firot  24  hours?  ho\<ovor,  it  is  identifiable  at  later  times  in 
ciuantitiea  not  exceediiig  lO/i  of  the  amount  originally  introduoed. 
Thus,  in  internal  introduction  the  greatest  quantity  of  beryllium  le 
da  tooted  in  the  livor. 

After  tho  Internal  Introduotion  of  an  average  lethal  dose  of 
beryllium,  the  animals  beoame  sluggish  and  indifferent  to  their 
surroundings  and  refuaed  food.  They  remained  in  such  a  state  until 
the  advent  of  death,  Kabbits  before  dying  often  exporlenood 
oonvulslons.  hate  wliloh  lived  more  than  3  days  beca£ie  ^jaundiced. 

During  a  pathoanatomloal  examination  of  the  dead  animals  one 
finds  that  disease  of  the  livor  in  sharply  indicated.  V/lion  the 
animals  die  early,  the  liver  is  hemorrhagio  and  has  a  red  color. 

If  death  occui’S  later,  the  liver  aoquires  a  yellow  color  and  a  soft 
oonnistency.  The  normal  pattern  of  the  liver  disappears?  a  solid 
muss  of  owollan  oells  which  aoquiro  a  hexagonal  shape  apijears. 

After  24  hours  follo\rijig  the  introduction  of  berylliuj:i,  the 
animals  acquire  bCoiimini,  /Afflictions  of  the  liver  with  eepiirate 
groups  of  neorotio  parenoliymatous  cells.  The  cytoplasm  of  these 
oells  becoraen  pale  and  vacuous?  the  borders  of  tho  cells  weai’  a\.’uy? 
the  nuclei  disassooiate,  Hecrosio  of  the  cells  appears  around  small 
focal  aooumulations  of  beryllium,  nfter  4U  hours  the  fooal  sites  of 
the  disease  of  the  liver  are  fully  developed  and  encompass  the 
middle  zone  of  t! ».  lobeo.  After  72  licui’S  the  liver  is  diseased  to 
a  considei’iible  amount. 
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Changes  in  the  kidneys  are  dateoted  after  24  hours  following 
tho  introduction  of  berylliu/ii.  Some  small  proximate  winding 
canaliculi  ora  afflicted;  their  epithelium  loses  its  similarity  of 
pigments;  tho  outlines  become  uneven;  the  lumens  of  the  canaliculi 
contain  oytoplasmic  end  nuclear  fragments.  Later  cylinders  are 
formed  in  the  oanallouli.  Changes  ore  not  observed  in  the  glomeruli 
and  the  straight  oanallmill. 

In  the  spleen  of  the  test  animals,  small  fooal  points  of 
disease  develop  around  the  sinuses,  and  groups  of  cells  undergo 
outolysis.  The  white  pulp  oonsisting  of  cells  presents  a  sharp 
contrast  to  the  3tz^lctvu'eleBB  red  pulp  which  is  filled  with 
erytlirooytes  and  is  free  of  lymphocytes.  J«  Scott  in  introducing 
beryllium  sulfate  into  animals  observed  an  oozing  of  liquid,  into 
the  serous  cavities,  an  inoreasa  of  the  spleen  of  2  to  3  times,  and 
the  development  of  jaundice.  The  author  did  not  note  any  pathological 
ohanges  in  the  brain,  heart  mus'ole,  lungs.  Intestines,  transverso- 
striated  muaoulature,  or  the  thyroid,  peirathyroid,  pancreas,  thymio 
and  lymph  glands. 

A  hlstochenical  test  of  the  tissue  did  not  reveal  any 
barylllxw  content  in  tiiese  or«ftn»  (v,  W.  Aldridge,  J,  II.  Barnes, 

F.  A.  Denz).  (35) 

Fatal  doses  of  beryllium  oxide  when  introduced  internally  ivre 
OB  follows  I 


for  rats  —  11.2  milligTams  per  kilogram  according  to  the 
data  of  3,  ?«  Voslcresenskiy  (7«2  mllllgTanB  per  kilogram  using 
beryllliun  sulfate  according  to  tho  data  of  J*  Soott); 

for  rabbits  —  1  to  2  milligrams  per  kilogram 
(S.  Voskrosenskiy  and  li.  0.  Fetrovnin); 

for  dogs  —  from  5  to  20  milligrams  per- kilogram 
(Ye,  II,  Kedrova)* 

F,  F,  Lutra  and  E*  Lsrgent  in  the  intravenoua  introduction 
of  a  V/o  suspension  of  beryllium  oxide  in  a  physiological  solution 
observed  the  formation  of  osteosarcoma  in  6  of  9  test  rabbits. 

The  carlieot  period  for  the  appearance  of  tumors  was  11,5  months 
from  the  beginning  of  the  testn.  In  4  I’abbits  the  initial  tumors 
wore  located  correspondingly  at  tlie  right  clavicle,  at  the  top  of 
the  right  fomur,  at  tho  lumbar  vertebra  and  at  the  distal  end  of 
the  rii^ht  femur,  i'letastasio  of  the  liuit,"^  was  detected  in  those  4 
animals.  Two  otner  rabbits  had  multiple  initial  tumors. 
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The  miorosoopio  Btruoture  of  all  tioors  vias  typical  of 
oateoeai’ooma,  Tha  aaotioiio  showed  that  the  large  tumors  contained 
necrosis  and  areas  of  hemorrhage.  In  all  animals  in  the  red  bone 
marrow  there  were  numerous  white  spots  wlvLoh  under  mioroocopio 
examination  proved  to  be  aooumulations  of  beiyllixun  oxide  which  had 
been  absorbed  by  phagooytlo  cells.  Beryllium  was  also  detected  in 
other  organs,  A  largo  part  of  it  was  contained  in  the  reticulo¬ 
endothelial  cells  of  the  bone  narrow  of  long  bones  which  did  not 
have  tumors. 

The  Toxloltv  of  Beryllium  Vftian  Inhaled 

A,  N.  Magnitsld^,  13,  M,  Zamakhovskaya,  and  others  (31)>  in 
tasting  animals  with  vapors  and  gases  formed  by  liquefying  beryllium 
fluoride  oompounds  in  oonoentratlona  of  from  5,0  to  54*0  milligrams 
per  oubio  meter  for  fluorine  and  from  2,46  to  5«78  milligrai'iis  per 
oubio  moter  for  beryllium,  observed  shortness  of  breath,  coughing, 
nasal  drip,  fine  tremors,  twltohlng'  of  the  skin  of  the  back  and 
extremities,  and,  in  soma  oases,  vomiting  in  the  animals.  After 
the  oeesation  of  the  tests  the  animals  showed  hl£^ar  temperatures 
and  a  drop  in  body  weight.  In  succeeding  days  they  beoamo  sluggish, 
lost  appetite,  had  dlffloulty  in  breatlilng,  and  experienced  hoarse¬ 
ness,  coughing,  and  periods  of  vomiting.  The  reserve  alkalinity  of 
the  blood  dropped  and  remained  at  a  low  level  until  death.  The 
reaotioii  on  the  bilirubin  was  negative.  There  was  an  increase  of 
the  hemoglobin  and  of  erythrocytes,  Leucooytosls  with  a 
noutrophyllio  shift  to  the  left,  lympliopenia,  and  eosinoponia 
appsared. 

With  pathoanatomioal  tests  it  was  discovered  that  the 
respiratory  organs  were  primarily  affliotedi  the  lungs  were 
edematous  and  in  n  number  of  oases  there  was  a  suppurative  exudate. 
Focal  empliysema  and  pneumonia  of  a  catarrhal  or  fibrous-neorotio 
type  wore  observed,  Heorotic  endobronohitie  and  inflammatory 
infiltration  of  the  peribronchial  spaces  (peribronchitis)  were  also 
noted.  Sometiji;os  to  these  ooourrences  were  added  suppurative  or 
fibriiious  suppurative  pleurisy.  Granular  growth  was  observed  in  the 
kidneys  and  myocardium.  In  the  parenchyma  of  the  liver  scattered 
tiny  noorotio  aeotors  were  encountered.  The  spleen  was  usually 
enlarged  as  a  oonsequenoe  of  the  hyperplocia  of  the  cells  of  the 
pulp. 

In  tho  case  of  giving  animals  beryllium  oxide  in. lower 
concentrations  than  in  the  above-mentioned  experiments,  the 
aniiaals  exiiericnced  only  insignificant  changes.  The  body 
temperature  increased  in  only  one  of  8  dogs  which  were  being  tested, 
i/ith  rospeot  to  blood,  except  for  monocytosis  there  \fere  no 
deviations  discovered.  In  one  dog  edema  of  the  lungs  was  noted; 
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and  in  four  others  there  v;as  alijjht  edema  of  the  lun^ia  and  moderate 
plethora.  There  were  punctate  hemorrhages  in  the  parenohjnnatous 
organs  and  in  the  spleen  capsule. 

G.  StoclciJieer,  !:>*  A.  Stroudi  and  11.  T.  Rochester  (32)|  in 
studying  hematological  changes  in  oonneotion  with  the  inhaling  of 
bexyllluffl  fluoride  in  concentrations  whlOh  do'  not  cause  otlier 
toxic  symptoms,  observed  the  development  of  anemia  in  animals. 
Rabbits  were  exposed  to  beryllium  fluoride  vapor  in  concentrations 
of  2.2  ±  0.25  milligrams  par  oubio  meter.  The  experiment  lasted 
23  weeks . 

The  results  of  the  experiment  showed  that  the  average  number 
of  red  blood  oells  by  16  to  20  weeks  was  lowered  from  ^,5  to  3*S 
million  per  cubic  millimeter.  The  hemoglobin  content  fell  at  the 
beginning  of  the  experiment  but  in  12  weeks  reached  a  norm.  The 
average  hemoglobin  concentration  in  erythrocytes  was  at  a  norm  of 
33  ±  1«7;^«  No  ohatigsB  ware  observed  in  the  number  of  white  blood 
cells  or  in  the  hemogram.  At  the  same  time  the  average  size  of  the 
erthrooytaa  increased  progressively  and  by  the  I6th  week  had 
reached  a  maxlnum  of  100  microns  in  contrast  to  the  norm  of  72 
mioronS, 


In  the  case  of  the  action  of  beryllium  oxide  on  rabbits,  a 
siiiilar  hematologioal  reaction  was  observed.  The  teats  showed  that 
anemia  developa  differently  in  different  types  of  animals.  In  dogs 
the  number  of  erythrocytes,  their  average  size,  and  the  hemoglobin 
change  in  a  fashion  typical  of  normoohrcmiastlo  macrocytic  anemia. 

In  rabbits  there  was  a  less-defined  tendency  toward  a  lowering  of 
the  conoentration  of  the  hemoglobin  of  vrhole  blood.  In  rats,  with 
a  normal  hemoglobin  content,  two  other  hematologioal  Indioators 
change  ae  in  maorooytlo  anemia.  Animals  react  differently  to  the 
introduction  of  hemopoietlo  stimulators  ( lextron,  folllc  aold,  and 
vitamin  3^2)*  Lextron  and  fcllio  aoid  not  only  did  not  have  a 
favorable  effeot  on  the  oourse  of  the  anemia  in  dogs  but  even 
hastened  the  death  of  the  animals.  In  rats,  hovrever,  follio  aold 
prevented  the  development  of  onenia  and  eased  the  severity  of  the 
polBoning.  Recovery  from  anemia  occurred  spontaneously  in  3.3  to 
4  months. 

G,  Stockinger,  R.  Hall,  and  others  (32)»  in  studyinc'  the 
action  of  beryllium  sulfate  when  inlialed  In  11  speoles  of  anii.ials, 
ectabliohed  that  6  hours  of  exposure  to  the  action  of  beryllivun  in 
concentrations  of  1,  10,  30,  and  100  milligrams  per  cubic  meter  is 
absolutely  fatal  for  most  of  the  species  of  teat  animals  when  the 
concentration  is  50  milligrnms  per  cubic  meter.  For  concentrations 
of  10  milligrams  per  oubio  meter  there  v;ae  a  low  mortality  rate  for 
all  species  of  animals  except  the  white  rats.  In  the  case  of  100  day 
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exposure  to  barylliuiii  sulfate  in  oonoantrations  of  one  milligram 
per  oubio  meter  there  were  no  fatalities  in  any  of  the  species 
being  tested* 

The  authors  indioate  the  existence  of  two  fonns  of  aoute 
beryllium  poisdnlxigi  an  aoute  tc)tid  form  in  which  the  most 
susceptible  representatives  of  a  given  species  perish  —  in  these 
oases  death  oomes  with  small  histological  changes;  a  prolonged  form 
in  which  expressed  pathological  changes  develop »  sometimes  leading  to 
the  death  of  the  animals  7  to  tO  Weeks  after  the  beginning  of  the 
experiment* 

In  the  oase  of  the  action  of  beryllium  sulfate  in  concen¬ 
trations  of  one  milligram  per  oubio  meter,  the  following  pathological 
reaotiona  of  the  organism  are  observedt  aoute  inflammatory 
phenomena  In  the  lungs,  anemia,  ohangee  of  some  lipids  of  the  red 
blood  cells,  ohongea  in  the  amount  of  protein  in  the  aerun, 
disruption  of  the  nitrogen  exchange,  and  changes  in  the  oxygen 
content  of  the  arterial  blood.  * 

In  the  oase  of  the  inhalation  of  beryllium,  the  greotoat 
amount  of  it  ia  found  in  the  lungs  and  the  lymph  nodes.  Besides 
this,  beryllium  is  found  in  lesser  quantities  in  the  liver,  kidneys, 
spleen,  bones,  and  teeth* 

In  the  case  of  the  inhalabory  action  of  beryllium  sulfate  in 
oonoentratlone  of  10  milligrams  per  oubio  meter  over  the  ocuroe  of 
95  daya,  the  quantity  of  beryllium  in  the  lungs  of  white  rats, 
guinea  pigs  and  doga  reached  4  to  11*6  milllgrama  per  gram  of  tissue* 

In  the  oase  of  the  action  of  beryllium  sulfate  in  concentrations  of 
one  milligram  per  oubio  meter  for  the  same  duration  of  the  experiment, 
the  content  of  beryllium  in  the  lungs  was  0*6  to  1*6  milligrams  per 
gram  of  tissue* 

A  general  roaotion  of  an  organism  to  beryllium  is  the  loss  of 
weight  in  animals*  The  greater  is  the  concentration  of  beryllium, 
the  greater  ie  the  lose  of  weight,  as  a  rule,  the  loss  of  weight  is 
accompanied  by  a  lessening  of  the  appetite*  However,  it  was  noted  • 

that  dogs  which  were  being  subjected  to  the  aotion  of  small 
concentrations  of  beryllium,  while  eating  all  their  food,  often 
lost  vrelght  the  same  as  animals  which  refused  their  food* 

In  small  concentrations  beryllium  sulfate  after  5  to  8  weeks 
of  use  causes  anemia  in  dogs  with  a  decrease  in  the  number  of 
arthrooytes  (to  1*5  to  2  million  per  cubic  millimeter)  and  in  the 
hemoglobin  (from  1  to  2  grams  per  100  grams  of  blood)  and  also  an 
increase  in  the  size  of  the  erythrocytes  from  98  to  110  microns* 

In  rate  and  rabbits  anemia  \iB.e  observed  upon  the  action  of  beryllium 
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In  high  ooncontrations  (47  to  100  znllligrama  per  cubio  meter).  Bealdes 
ohen{j;es  In  the  red  blood  in  doge,  rato,  and  rabbits,  high  concentra¬ 
tions  of  beryllium  cause  leuoooytosls  up  to  40,000  In  a  cubio 
millimeter  (rata)  and  thrombocytosis  (rabbits  and  rats)  up  to 
800,000  in  a  cubic  millimeter.  For  doaea  of  50  milligrams  per 
oubio  meter,  30^  of  the  test  animals  had  albumin  in  the  urine.  This 
did  not  occur  in  rabbits.  In  the  blood  there  appeared  hypo- 
olbumineiala  with  a  tendanoy  to  hyperglobulinemia.  There  vrere  some 
ohangea  in  the  amount  of  protein  In  the  serum. 

The  reaction  of  lung  tissue  to  the  aotlon  of  beryllium  sulfate 
has  an  Inflammatozy  oharaotar  with  tlie  ooourrenoe  of  interstitial 
and  introalveolar  edema.  This  edema  along  with  atelectasis  and 
emphysema  of  the  lungs  causes  oonsldorable  changes  in  the  lung 
structure.  The  structure  of  the  alveoli  is  destroyed  in  many  places^ 
becauae  of  the  appearance  of  aooumulatlons  of  lymphocytes,  mono'oytes 
and  sometimes  plasmatic  cells  with  a  relatively  small  number  of 
neutrophylllo  leucocytes.  The  exudate  within  the  alveoli  contains  a 
large  quantity  of  phagocytes,  the  oytoplasma  of  which  is  filled  with 
a  granular  substance,  probably  fragments  of  cellular  imolei. 
affliction  of  the  bronchial  and  bronohlolitlo  aphythella,  its 
defurfuroatlon,  'wid  hyperplasia  with  thickening  of  the  walls  of  tlie 
alveoli  are  observed. 

In  the  cose  of  the  action  of  high  concentrations  of  beryllium 
(47  to  100  milligrams  per  oubio  meter),  in  2  to  3  weeks  from’  the 
beginning  of  the  exiieriment  rabbits  show  sharply  deflxied  lung 
ailments  in  the  form  of  edema,  hemorrhage,  and  focal  necrosis  of 
the  tissue. 

Similar  results  were  obtained  by  J.  Soott  (32)  who  conducted 
tests  with  white  rate,  mice,  guinea  pigs,  hamsters,  rabbits,  and 
dogs  using  bezyllium  sulfate  in  a  oonoentration  of  88  mllli^ams 
per  oubio  meter  vrith  particle  sizes  on  the  order  of  4.3  microns. 

lung  damage  appeared  in  the  form  of  Intra-alveolar  edema  of 
various  degrees  aooompanied  by  hyperetitial  edema  and  thickening 
of  the  alveolar  septa.  At  a  later  period  there  was  an  exudation  of 
neutrophils  and  phagocytic  cells  to  the  terminal  bronchi  and  to 
the  alveoli  surrounding-  them.  There  also  developed  necrosis  of 
the  liver  cells  and  of  the  epithelium  of  the  kidney  canaliouli  in 
rabbits  and  white  rats. 

G,  F,  Sjjrague,  Ch.  Lobell,  and  others  (32),  in  the  inhalatory 
introduction  of  beryllium  sulfate  in  concentrations  of  4»5  milligrams 
per  cubic  meter  for  2  weolcs  of  daily  6-hour  exposure,  observed  a 
loss  of  weight  in  the  animals.  Itabbita  £ind  dogs  lost  up  to  5/j  of 
their  weight  and  hamsters  and  rate  lost  up  to  11^, 


DuriJig  tliQ  second  v/eek  of  the  experiment  the  content  of 
reslduail  nitrogen  in  the  hlood  Inoreased  to  78  milllgraiiiB  and  toward 
the  end  of  the  experiment  it  was  at  the  level  of  70  milligTams  per 
100  oublo  oentlmeters.  An  increase  in  tlie  quantity  of  albinnin  in 
the  urine  of  rabbits  was  discovered  on  the  6th  day  of  the  experiment. 
By  the  10th  day  the  albumin  ooritent  had  grown  to  550  milligrams  par 
100  cubio  contlmoters.  Toward  the  end  of  the  experiment  it  had 
dropj.jed  again  to  80  milligrams  per  100  oublo  oentlmeters. 

V.  V.  llel'nlkov  (37»  38)  etudled  the  action  of  beryllium 
acetate  U8ii\,  inhalatory  introduction  In  a  special  chamber  on  rats, 
mice  I  and  rabbits.  He  established  thaL  for  a  single  two-hour 
exposure,  beryllium  acetate  in  a  ooncentration  of  70  milligrams  per 
cubic  meter  causes  the  death  of  50^  of  tho  animals  while  in  a 
ooncentration  of  8  milligrams  por  cubic  meter  it  is  endured  by  all 
animals. 

Acute  poisoning  by  beryllium  acetate  has  three  stages.  In 
the  first  stsge  there  is  motor  stimulation  which  lasts  for  35  to  50 
minutes  with  cout^ing  and  sneezing,  ^hen  there  la  a  period  of 
depression  in  which  Uia  anisuils  lie  on  Ihoir  aides  and  come  of  them 
go  to  sleep.  During  this  period  there  is  acute  shortage  of  breath 
and  cyanosis.  Tho  depression  stage  passes  into  an  agony  stage  and 
the  animals  die. 

V.  V.  Mel'nikov  studied  in  rats  the  toxic  effect  of  beryllium 
aoetate  in  concentrations  of  0.03,  3,  0.3,  and  30  milligrams  per 
cubic  meter  for  a  two-hour  exposure  a  day  over  the  course  of  40  days. 
He  found  that  for  a  concentration  of  30  milligrams  per  cubic  meter 
the  animals  experience  a  considerable  loss  of  weight.  For  leaser 
concentrations  there  is  a  slow  inorease  in  weight;  however,  it  is 
always  leso  than  the  weight  gain  of  the  control  animals.  The 
pathomophological  picture  of  the  dead  animals  that  undei^fent  acute 
Intoxication  is  characterized  by  extensive  edema  of  the  lung  tissue 
and  the  presence  in  some  cases  of  oatarrhal  desquamtive  pneumonia* 
Severe  degenerative  changes  with  the  presence  of  proliferative 
phenomena  are  observed  in  the  liver,  kidneys,  and  spleen. 

In  the  oase  of  the  use  of  concentrations  of  0,03  and  0,5 
r!iilli,_,ram3  jxr  cubio  meter,  30  days  aftor  the  end  of  the  experiment 
there  were  coi'.paxatively  small  changes  vHiich  could  be  observed  in 
the  forr.i  of  a  productive  intermediate  process.  In  using  a  ooncen¬ 
tration  of  3  milligrams  per  cubic  meter  a  more  expressed  productive 
process  io  observed  in  the  lungs  of  the  animals;  in  a  number  of 
oases  characteristic  single  miliary  granulomas  ore  formed.  In  some 
animals  catarrhal  deoqusfiitive  bronchitis  and  catarrhal  pneumonia 
vfere  detected.  In  giving  animals  a  concentration  of  30  milligrams 
per  cubic  meter,  catarrhal  and  catarrhal  ouppurative  bronchitis, 
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desquantive  and  fibrinous  pneumoniai  and  fibrinous  suppurative 
pleurisy  ars  observed.  Simultaneously  with  fiffliotion  of  the 
lun^ps  there  are  also  cksonerative  chants  in  the  liver •  hidneyS| 
spleen,  and  heart  musola. 

In  order  to  determine  the  fatal  oonoentrations  of  beryllium 
acetate,  V,  V,  liel'nikov  used  the  conditioned  reflex  method.  For 
white  rats  he  developed  a  conditioned  motor  reflex  to  a  sound  and 
light  stimulant  on  the  baeis  of  a  non-oonditioned  food  reflex.  l?hen 
the  animals  were  subjected  to  the  action  of  the  vapors  from  the 
distillation  of  beryllium  acetate  in  small  oonoentrations  for  short 
sin^jle  exposures.  After  this  they  checked  the  previously  developed 
conditioned  reflexes. 

On  the  basis  of  the  results  which  were  obtained  it  was 
established  that  beryllium  acetate  in  oonoentrations  of  one  milll>  ' 
gram  per  bubio  meter  for  a  oliVile  hour  expoa\tra  causes  a  lowering  of 
the  reaction  to  a  sound  stimulant  and  then  a  prolapse  of  different 
oondltioned  relfexes  both  to  sound  and  llf^t  stimulants.  The  use  of 
berylllura  acetate  in  oonoentrations  of  O.OS  milligrams  per  oublo 
meter  oausea  in  all  animals  a  disruption  of  the  inhibiting  process, 
and  in  a  number  of  caaea  there  ia  a  prOlttpee  of  Individual  conditioned 
reflexes.  Only  in  oonoentrations  of  0,02  Dllllgrams  per  cubio  meter 
does  beryllium  acetate  for  one-tine  uae  not  have  any  inflmnce  on  the 
higher  nervous  activity  of  the  animals.  The  same  dose  when  used 
for  60  days  ooiises  ohangea  in  the  conditioned  reflex  aotivity  of 
animals  and  morphological  changes  in  the  cerebral  cortex  (deforma¬ 
tion  of  the  dendrites,  their  uneven  thickening,  the  disappearance  of 
the  spine-shaped  appendages  which  are  normal  to  the  structure  of  the 
dendrites).  However,  those  changes  disappear  after  the  cessation  of 
the  experiments. 

For  the  study  of  the  action  of  insoluble  compounds  of 
beryllium,  il*  Hall,  J,  3oott,  and  others  (?2),  using  inhalation, 
introduced  fo\a:  types  of  beryllium  oxide  whioh  differed  in  portlole 
size  into  oate,  dogs,  guinea  pigs,  rabbits,  rats,  and  monkeys. 

As  a  result  it  was  established  that  fireproof  forms  of 
beryllium  oxide  Iv’ving  relatively  large  dust  particles  (5  to  12.7 
microns)  do  not  cause  even  the  symptoms  of  disease.  Pathological 
changes  in  the  organism  of  control  animals  wore  noted  only  for 
finaly-disiJorsed  beryllium  oxide  of  a  portlole  size  of  from  0,59 
to  0,47  microns,  There  was  a  loss  of  appetite,  lower  arterial 
oxygen  pressure,  hyperglobulinemia  and  hypoolbuminemia,  higher 
alkali  phoopliutaao  of  the  serum  of  the  blood  with  subseiiuent 
falling  and  occurrenoe  of  anemia.  In  pathoanatomioal  sections  of 
the  l\inga  an  inflammatory  reaction  was  found  which  v/aa  oharaoterized 
by  liypor alveolar  and  interstitial  edema  with  fagooytio  infilitration 
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aild  the  presence  of  ymphooytes  and  yranulocytea ,  The  granulocytes 
consisted  chiefly  of  polymorphonuclear  neutrophils,  but  there  were 
also  eosinophils  and  myeloid  forms.  There  was  also  defurfuration 
of  the  bronchial  epithelium  and  l^:>erplasia  of  it  and  also  thickening 
of  the  walls  of  the  alveoli. 

These  worlcs  showed  that  the  toxicity  of  beryllium  oxide 
depends  completely  on  its  degree  of  dispersion.  As  the  dispersion 
increases,  so  do  the  toxic  properties  of  beryllium  oxide  and  also 
the  other  insoluble  compounds  of  this  metal.  The  testa  by 
V,  V,  Mel'nikov  in  1957  and  1958  confirm  these  conclusions. 

The  Toxicity  of  Beryllium  vnhen  Introduced  into  the  Sastro-Intestlnal 
Tract 


The  iJitroduotion  of  beryllium  into  the  gastro-intestinal 
tract  of  experimental  animals  also  causes  a  series  of  pathological 
changes,  i^.  lioynard,  V.  Bowns,  and  Q.  Hodge  (52)f  vho  mixed 
beryllium  sulfate  and  beryllium  acetate,  metallic  beryllium,  and 
berylli\im  oxide  in  tlie  food  of  white  rats,  observed  the  influence  of 
beryllium  on  the  jroirth  and  food  consumption  of  the  test  animals. 
They  also  dieouvered  a  considerable  Inorease  in  the  metaphysls  area 
of  the  proximal  onds  of  the  tibia, 

F.  Clemperrer,  J.  Miller,  and  K,  Hill  (32),  citing  a  number 
of  authors,  note  that  a  diet  with  an  excessive  beryllium  coiitent 
causes  rickets  in  animals.  The  development  of  beryllium  rickets  was 
explained  by  the  authors  as  a  sharp  liypophosphatemia  which  occurred 
as  a  result  of  the  dox:iooiting  of  beryllium  phosphate  in  the 
intestines  and  the  lessening  of  its  suotion  from  the  gastro> 
intestinal  tract.  Ho^wver,  T,  F.  Aino  and  A.  B.  Goodman  established 
that  beryllium  lias  a  harmful  influence  on  the  local  factor  in  the 
calcification  of  c-.-rtilage. 

Tests  vdiioh  were  conducted  with  B -glycerophosphate  as  the 
only  source  of  phosphorous  in  concentrations  of  10  milligram  percents 
of  pliosphorouo  in  the  absence  of  beryllium  and  v:ith  it  in  concen¬ 
trations  of  10“5,  10"4,  10“5j  and  10“®  M  showed  that  beryllium  in 
concentrations  of  lO"'  m  and  higher  completely  blocked  the 
calcifioation  of  oartilage  in  vitro  and  in  ooJicentrations  of  10"°  M 
Caused  a  noticeable  inhibiting  effect. 

Because  the  role  of  phosphatase  in  the  formation  of  bony 
tissue  is  very  great,  it  was  assumed  that  the  disruption  of  the 
normal  foi'mation  of  bone  depends  on  disrupting  the  activity  of  this 
enayme  with  beryllim.  In  the  tests  the  authors  used  solutions  on 
enzymes  prepared  from  defatted  and  dehydrated  swine  kidney  powder 
to  which  was  added  beryllium  sulfabe  in  concentrations  up  to  10”5  M, 


Bexylllun  oaused  an  inhibition  of  alkaline  ]^oaphatase  of  up  ter  60<^. 
F.  Qrayer,  lU  Hoodf  and  K*  Uogaland  (52)  tested  the  action  of 
various  oonoentratlons  of  beryllium  on  the  aotlvity  of  alkaline 
phosphatase  for  extracts  of  bone,  kidney  and  intestine  from  rats. 

They  also  used  extracts  from  the  serum  of  a  person  with  hl£^ 
phosphatase  aotlvity  and  from  a  saxooma  of  a  rat.  The  solutions  of 
beryllium  for  these  teste  were  prepared  from  beryllium  sulfate. 

The  results  of  the  experiments  shoyrad  that  beryllium  in  small 
oonoentratlons  on  the  order  of  lO**'  H  inhibits  the  aotlvity  of 
alkaline  phosphatEiSs*  V/ith  a  maximum  beryllium  Oonoentration  of 
10'^  H,  extraota  of  bone,  kidney,  human  serum,  and  rat  oste^ennous 
aarooma  show  approximately  the  same  degree  of  inhibition,  40^. 
Sxtraots  of  intestinal  phosphatase  ard  inhibited  by  60  to  7C^. 

Similar  results  indloating  the  suppression  of  the  aotlvity  of 
alkaline  phosphatase  under  the  influenoe  of  email  oonoentratlons  of 
beryllium  have  been  obtained  by  other  authors. 

Maximum  J^ernissible  Oonoentratlons.  of  Beryllium 

IKunsrous  experimental  works  by  both  foreign  and  Soviet  authors 
have  shown  that  beryllium  is  a  hl(^ily  toxlo  substance  which  causes 
pathologioal  ohanges  even  in  small  oonoentratlons. 

Ths  olinloal  and  pathologloo>anatomioal  picture  of  affliotions 
from  beryllium  and  its  compounds  depends  on  ths  method  by  which  it 
is  introduced  Into  the  organism  of  experimental  animals,  on  the 
solubility  of  Its  salts,  and  also  on  the  degree  of  dispersion  of 
metalllo  beryllium  and  its  insoluble  ocopoimds.  The  most  toxlo  are 
the  soluble  salts  of  berylliumj  almost  as  toxio  are  the  insoluble 
finely-dispersed  oompounde  with  particles  less  than  one  mloron  in 
size.  Insoluble  oompounds  of  beryllium  with  particles  of  greater 
size  are  less  toxio. 

The  introduction  of  beryllium  into  the  organism  of  animals  in 
toxio  doses  leads  to  the  development  of  a  local  reaotion  with 
inflammation  and  edema,  olionges  of  the  protoplasm  of  the  cells  and 
neorosis  of  the  tissue,  damage  to  the  liver,  kidneys,  and  spleen, 
hematologioal  changes  (maorooytarlo  anemia  aiid  leuoooytosls) , 
dleruptlon  of  the  biological  procesaes  of  the  organism,  lowering 
of  the  activity  of  the  alkaline  phoephatase  and  disruption  of  the 
oalolflcatlon  of  the  bony  tipsite,  and  the  development  of  malignant 
tumors  (osteosarcoma,  etc.). 

Thus  beryllium  is  a  general  toxic  poison  \diioh  causes  the 
development  of  profound  irreversible  processes  in  the  organism  of 
EUiimals.  Tlie  size  of  a  fatal  dose  depends  on  the  method  of  Intro¬ 
duction,  the  pliysical-chemical  properties  of  the  beryllium  compounds 
whicli  are  taken,  and  the  type  of  experimental  animal. 
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In  the  oaae  of  the  inhalation  of  beryllium  and  its  oompounds 
the  most  prominent  effect  is  affliotlon  of  the  respiratory  organs, 
ooourring  as  inflammatory  prooesses  with  the  oocurrenoe  of  inter¬ 
alveolar  and  hyperatitial  edema  and  the  development  of  bronohitis 
and  pneumonia.  At  the  same  time  other  organs  and  systems  are  also 
afflioted.  The  inhalatory  method  of  havliig  beryllium  enter  the 
organism  of  man  is  of  greatest  danger  be cause  the  recorded  oases 
of  people  beooffllng  111  under  the  ootidltions  of  beryllium  production 
have  chiefly  involved  the  entry  bf  beryllium  and  its  oompounds 
into  the  respiratory  organa. 

The  determination  of  harmless  oonoentratlons  of  beryllium  in 
air  which  is  inhaled  is  one  of  the  most  vital  tasks  in  preventing 
vork-oonneoted  ailments  in  beryllium  produotlon.  In  order  to 
solve  this  problem  experiments  have  been  undertaken  involving  the 
study  of  the  toxicology  of  beryllium  and  its  oompounds  as  have 
olinloal  observations  over  the  state  of  health  of  produotlon 
workers  and  also  the  local  population  in  the  area  of  beryllium 
enterprises. 

The  Amerioan  Industrial  Hygiene  Association  established  a 
maximum  permissible  ooiwsentration  of  baryllliui  in  the  air  of 
produotlon  faoilitlee  for  an  8  hour  working  day  of  0.002  milligrams 
per  oubio  meter  and  of  up  to  0.023  milligrams  per  oublo  meter  for 
short  periods  (less  than  30  minutes).  For  the  outside  air  in  the 
vloinlty  of  plants  which  process  beryllium,  the  permissible  average 
monthly  oonoentration  is  0.00001  milligrams  per  oubio  meter.  (36) 

7.  7.  Hel’nikov  recommends  as  a  maximum  permissible  oonoen¬ 
tration  for  berylllitm  aoetats  (soluble  salt)  In  the  air  at 
production  faoilitiea  for  a  6  hour  working  day  a  value  of  0.001  to 
0.002  milligrams  per  oubio  meter  and  of  0.01  to  0.02  milligrams  per 
oubio  meter  for  finely  dispersed  beryllium  oxide  (insoluble  salt). 
(57-59) 

In  the  Soviet  Union  the  hygienic  regulations  have  established 
the  maximum  permissible  concentration  of  beryllium  in  the  air  at 
produotlon  faolllties  as  0.001  milligrams  per  oubio  meter. 

For  open  reservoirs  0.  U.  Lebedeva  (34)  proposes  that  0.01 
milligrams  per  liter  be  considered  a  haxmlees  concentration  for 
beryllium  chloride.  A.  F.  Zaytseva  and  Ye.  0.  Repina  (40),  on  the 
basis  of  tests  on  the  influence  of  beryllium  on  the  sanitary  state 
of  a  reservoir,  recommend  that  the  maximum  permissible  oonoentration 
of  beryllium  for  reservoirs  be  0,05  milligrams  per  liter. 
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LABOR  miElCi)  IN  WORKHR  \/n!U  BliUlYLLXUM 

^ollov;lng  1?  a  translation  of  parts  of  Chapter  3  of 
a  book  by  Valentin  llikhaylovioh  Kozlov  and  Valentin 
Dmitriyavioh  Turovakiy  ontitledi  Bejpilllvt  Tokalkologlvai 

(Berylliyn»  Toxicology, 

Clinioal  Aspeots  of  BieeMee,  Labor  Uy^iene),  State 
Publishing  House  for  Literature  in  the  Field  of  Atomio 
Soienoe  and  Teohnolo^i  Moscow,  1962,  pages  84»9?j7 


Means  of  Individual  Prataotlon 

In  the  produotion  of  beryllium  means  of  Individual  protection 
ore  employed  which  protect  tlie  human  organism  from  the  haxxoful  notion 
of  toxic  aubatanoes  (68-70), 

The  means  of  individual  protection  include  ooveralls  which 
are  employed  under  produotion  oonditions  for  the  protection  of 
the  worker  from  incichanlcal,  thermal  and  chemical  action,  glasoes 
whloh  protect  the  eyes  from  radiant  ener/^  and  also  from  mechanical, 
thermal  and  chemical  action,  resplratora  of  various  types  and 
industrial  gas  masks  for  protecting  the  respiratory  organs  against, 
the  entry  of  toxlo  substances,  ajid  ai^tlnoise  devloas  whloh  lover 
the  harmful  effect  of  noise  on  the  human  orgunlsm* 

In  the  produotion  of  beryllium  special  olothlng  is  used  with 
whloh  it  is  possible  to  completely  cover  the  worker  in  a  seuiitary 
slipover  outfit.  The  set  of  special  olotliing  for  personnel  working 
on  the  baslo  technological  processes  of  producing  beryllium 
includes t  ootton  underwear,  socks  or  leggii^e,  suits,  berets  or 
kerchiefs,  boots  or  rubber's,  cotton  and  rubber  gloves,  plastic 
aprono,  and  sleeveguards. 

In  some  operations  such  ae  when  world.ng  with,  concentrated 
mineral  acids  or  in  smelting  departments,  suits  are  used  which  are 
made  of  coarse  wool  cloth  which  is  more  resistant  to  acids  and  high 
temperatures. 
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Synthetic  materials  have  been  widely  used  in  recent  years 
for  mahing  various  cloths. 

The  All-Union  Resaaroh  Institute  for  Labor  Proteotion  of  the 
All-Union  Central  Council  of  Trade  Uniom  together  with  the  Central 
Institute  of  the  V/ool  Indxistiy  and  the  Central  Institute  of  the 
Cotton  Industry  (69)  developed  a  new  cloth  —  a  ootton  moleskin 
with  a  sneoial  acid-resistant  impregnated  oompound  (moleskin 
"553-ICP") ,  which  has  good  protective  properties  for  working  with 
small  conoentrations  of  aoids  (not  over  19^)< 

These  lnstitutes«  from  a  mixture  of  ooarse  wool  and 
perohlorovinyl  fiber,  made  ShlJhV-JO  cloth  whioh  is  hi^ly  resistant 
to  aoids.  The  wearing-  period  for  suits  made  of  the  aoid-proteotive 
oloth  is  2  to  2,3  times  higher  than  the  wearing  period  for  special 
clothing  made  from  ordinary  oborse  wool  oloth.  However,  the 
ShlChV-30  oloth  does  not  have  suffiolent  thexnal  reelstanoe;  at 
temperatures  above  70  degrees  Centigrade  the  perohlorovinyl  oloth 
softens  and  when  later  cooled  becomes  hard  and  brittle. 

New  synthetic  fibers  have  been  developed  and  axe  being 
produoad  by  industry  using  polymsrai  vinitron,  lavsan,  nitron, 
and  ftorlon  ^luorloj;^,  S,  M,  Gorodinskiy  (7l)  and  hie  oo-workers 
oonduoted  testa  of  new  fibers  and  established  that  cloth  made  from 
lavBon  la  resistant  to  aoid,  has  low  hygroscopic  qualities,  is 
thermal  resistant  (softening-  temperature  of  230  to  263  degrees 
Centigrade),  and  has  good  moohanical  durability. 

The  scientlfio  research  institutes  for  silk  and  wool 
together  with  other  institutes  created  the  following  cloths i 
lavsan-silk  type  213291  lavsan-wool  (in  a  ratio  of  111)  type  350; 
and  staple  lavsan  ty^jo  775* 

The  laboratory  and  production  tests  of  the  speoial  clothing 
made  of  lavsan-silk  showed  that  in  praotloe  this  oloth  does  not 
lose  its  durability  under  the  action  of  concentrated  hydroohlorio 
and  sulfurio  aolde  and  of  conoentrated  bases.  Under  the  action  of 
IQja  nitrio  aoid  it  retains  up  50  70?^  of  its  strength.  The  chemical 
resistance  of  lavsan-wool  oloth  has  also  been  established  as  being 
Buffioiently  high. 

The  permeability  to  air  of  lavsan  oloth  varies  widely 
depending  on  its  structure.  The  functional  condition  of  the  human 
organism  whan  working  in  lavsan  speoial  clothing  is  within  the 
permissible  pliysiologioal  limits. 

Cotton  und  v;ool  special  clothing-  vfears  out  quickly  and  is 
replaced  tliree  or  four  times  a  year.  The  lavsan  clothing-,  however, 
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at  the  end  of  a  year  does  not  lose  its  mechanical  dursiility  and  even 
Its  external  ai^pearance  does  not  change  •  In  oomparleon  \/lth  special 
olothinfe'  made  of  natural  fiber,  the  lavean  special  clothing  is 
oonsiderably  easier  to  wash  off  and  eliminate  aiiy  soil  which  can  be 
handled  by  the  v;aaltLng'  agent  while  not  losing  its  strength  or 
sanitary  propei'ties. 

On  the  basis  of  the  results  which  have  been  obtained,  it  is 
possible  to  reoomnend  the  use  of  cloths  made  of  lavean  for  special 
olothing  for  workers  involved  in  the  production  of  beryllium. 

The  special  olothing  for  workers  in  beryllium  production 
sliould  have  the  smallest  possibls  number  of  outs  so  that  dust 
containing  beryllium  will  not  get  under  the  speoleJ.  clothing.  This 
re-iulrement  is  met  by  a  speoial  type  of  ooveralls  with  a  system  of 
vents  and  with  sealed  openings. 

In  order  to  protect  the  akin  of  hie  hands  frcm  the  action  of 
Salta  of  beryllium,  ooids,  and  bases,  the  worker  should  put  on 
rubber  gloves.  In  order  to  prevent  mnoaratlon  of  the  skin  whioh 
could  lead  to  the  development  of  beryllium  darmatltie,  cotton 
gloves  should  bo  worn  under  the  rubber  ^lovae.  Caps  or  kerohiefa, 
which  are  on  eeoential  part  of  the  complex  of  speoial  olothing  for 
workers  in  beryllium  production,  protect  the  top  of  the  head  from 
contamination,  rioatio  aprons  and  aleevegu&rds  are  worn  on  top  of 
the  speoial  clothing. 

There  must  be  strlot  controls  over  the  degree  of  soiling  of  the 
speoial  olotlilng  and  over  the  frequency  of  its  change  and  repair. 

The  washing  of  si^oial  olothing  soiled  with  beryllium  should  be 
oonduoted  in  plant  laundries  separately  from  the  special  olothing 
from  other  production  shops  not  involved  in  the  production  of 
beryllium.  Tho  washing  of  epeolnl  olothing  which  has  been  soiled 
with  beryllium  is  not  permitted  at  home. 

In  order  to  protect  tlie  respiratory  organs  from  the  entry 
into  them  of  beryllium  and  its  compounds,  reepirators,  gas  maslcs, 
pneumatic  masks,  pneumatic  suite  ore  employed.  The  F-45,  F-46,  £E{B, 
and  otlier  respirators  whioh  are  used  at  moot  enterprises  did  not 
find  wide  employment  in  the  production  of  beryllium.  Good  hygienic 
results  undoi'  the  conditions  of  beryllium  produotlon  were  obtained 
when  using  ShB-1  "Lepestok"  respirators  (72,  73), 

The  ShB-1  "Lepeatok!'  reepirator  (Figure  24)  is  intended  to 
protect  the  respiratory  organs  from  toxic  and  other  dust  when  the 
content  of  harmfiU.  subetanoes  in  the  inhaled  air  does  not  exceed 
200  maximum  permissible  conoentrations . 


18  - 


c'4t  "lApaatok**  xasplrator. 

1  ...  todyf  2  —  rubber  lasai  5  —  plat*| 

4  *-  sttpportai  5  —  Btr»p» 

i'iltarin^  mutarials  and  FFp.*13  whloh  have  an  e£f«otiva> 

naee  of  99 tor  the  moot  poi^tratln^  aaroaola  are  used  lb  the  SiA-1 
"Lepestok"  reopirator*  3?h6  weight  of  the  respirator  is  about  10  grsssi 
the  filtering  ourfaoe  la  square  oentlmeters)  the  reslataaoe  to 
breathing'  is  }  til'll  lime  ters  of  a  water  column  i  A  properly  vora 
respirator  liyc  tightly  against  the  skin  of  the  I’aoo  (Figure  25)# 
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In  oondunting  repair  work  oowieoted  with  tho  opajraxi^  of 
apparatus  and  comnunloations  when  there  are  aonsiderabla  inoreases  In 
the  permissible  oonoentrationa  of  beryllium  and  other  toxio  substancaSi 
one  should  vuse  the  pnetu&atlo  suits  or  pneumatio  holmats  which  were 
developed  by  A*  k,  Letavet  and  Ss  M*  Oorodinslciy» 

The  "LG-<2"  pneumatio  suit  (Figure  26)  is  worn  over  the  apeolal 
clothing  and  complotely  isolates  the  body  and  respiratory  organs  of  the 
worker  from  tho  surrounding  environment.  The  suit  has  a  glass  viewer 
made  of  organic  glass  *  Ths  suit  is  made  with  a  polyvinylohlorida 
layer.  The  feeding  of  pure  air  into  the  pneumatic  suit  ie  oonduoted 
using  special  air  lines* 


Figure  26.  LG-2  Pneumatio  Suit 

1  —  plustjo  covoralla}  2  —  folded  aperture;  3  —  hose;  , 
\  —  exhaust  valve;  5  —  glaee  viewer. 
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When  the  oonditloaA  do  not  x«(iuir«  the  ooaploto  ieolatloa  of  [ 

the  vorker  from  the  eurroumilofr  Airrlronaent,  the  UU<-1  pneunatie  helmet  ' 
(.Fiffoxe  ?.'j)  le  employed  to  protaot  the  reeplrmtory  organa.  It  ie  mode 
of  a  khiokened  pol:,'vla3rlohloride  layer  and  haa  a  glaaa  rlever  of  organlo 
glasa.  ilr  is  fed  into  the  pneumatio  helmet  by  the  same  method  afl  for 
the  pneumatio  suit* 


a  b 

Figiu's  27*  LlZ-l  Pneumatio  Helmet 
a  —  side  view}  b  —  front  'rlew 

Preventative  and  PerlodKf 

ail  citizens  entering  beryllliun  production  undergo  a  aedloal 
examination.  Ihe  cadre  departments  of  enterprises  oannot  permit 
persomol  to  work  with  beryllium  without  a  poeltive  medloal  report* 

She  exemioatlon  la  oonduoted  by  a  dootors*  oommlselon  at  polyolinlos 
of  medloo'sani i:ajcy  units  or  of  territorial  publlo  health  organs* 

In  conducting  the  medloal  eraminatlon,  speolal  attention  le  paid 
to  the  oonditlon  of  the  respiratory  organs,  liver,  and  akin}  the  vital 
capacity  of  the  lungs  is  always  determined  (spirometry)}  an  X-ray  la 
made  of  t>ie  ohest}  and  a  general  olinloal  analyais  of  the  blood  and 
urine  is  perforraod* 
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Diseaeos  \riiioh  ore  considered  to  bar  the  entry  of  a  worker 
Into  boryllium  in^oduotion  Include  the  followlngi 

1)  tuberouloala  of  the  lunge  In  any  form  (the  presenoe 
of  petrifloatea  does  not  serve  as  a  oounter-indioation) } 

2)  tuberoulosis  outside  of  Ishe  lungs  (of  the  glands, 
testloles,  bones,  eto.)} 

3)  diseases  of  the  upper  respiratory  tracts  and  bronohli 
deviation  of  the  nasal  bridge  which  hampers  jiasal  respiration; 
atroplilo  rhino-phaxyngal  laryngitis;  ozena;  syoosis .  of .  the  nose; 
chronic  Inflammatory  prooeases  of  the  supplementary'  cavities  of  the 
nose;  now  growth  of  the  upper  respiratory  tracts  which  hampers 
respiration;  ohronlo  bronohitla;  bronchial  asthma;  bronoho-eotstlo 
illness; 

4)  pnaufflOBolerosia  and  emphysema  of  the  lungs; 

5)  organio  allnanta  of  tlw  oardlovaaoular  ayatam 
(defects  of  the  heart,  liypertonio  illnesa,  expreaaad  axteriosoleroais) ; 

6)  ailments  of  the  liver  and  of  the  bile  tracts; 

7)  nephroela,  nephritis,  and  nephrosclerosis; 

8)  all  ailments  of  the  blood  and  of  the  blood-producing 
organs;  secondary  anemia; 

9)  organic  ailments  of  the  central  nervous  system; 

10)  expressed  endoorino-vogetative  ailments; 

11)  skin  ailments;  and 

12)  olrronio  ailments  of  the  eyelids,  conjunctiva,  cornea, 
and  tear  ducts* 

Jb'or  workers  entering  an  enterprise,  the  dootore*  commission 
fills  out  the  form  for  the  entering  medical  examination  and  the 
oonolusion  of  the  ooiiimiesion*  A  ohest  X-ray  Ic  attached  to  the 
entering  medical  examination  form*  All  these  documents  are  sent  to 
the  shop  doctor  under  whose  observation  the  nev?  worker  will  be 
located* 

All  personnel  v;orking  vritli  beryllium  and  its  compounds  must 
undergo  a  medical  oheoloip  once  every  six  months*  The  baaio  purpose 
of  the  checkups  is  to  detect  the  earliest  signs  of  the  action  of 
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beryllium  and  other  production  factors  on  the  organism  of  the  workers. 
The  detection  of  the  initial  symptoms  of  such  ailments  makes  it 
possible}  on  the  one  Imnd}  to  implement  timely  medioal-prophylaotio 
measures  designed  to  prevent  tlie  development  of  severe  irreversible 
forms  of  beryllium  intoxloation  and,  on  the  other  hand»  it  helps  to 
determine  the  most  unfavorthle  working  areas  where  it  is  necessary 
to  talcs  oonorete  prophylaotio  measures  to  improve  working  conditions. 

In  addition}  during  the  medical  oheokups  ailments  axe 
dlaoovered  wl^loh  are  not  oonneotad  with  osuses  arising  from  the  work 
but  which  do  req^ulre  certain  treatment  and  also  ailments  are 
disoovered  which  preveht  further  work  under  the  conditions  of 
beryllium  production* 

Periodio  medioal  oheokups  of  the  workers  ere  organized  and 
conducted  aooordin,'^  to  plan  by  the  medical-prophylaotlo  elements 
which  servloe  beryllium  production  with  the  direct  partiolpation  of 
the  shop  dootor-tharapiat  and  the  industrial  sanitation  doctor.  An 
annual  operational  plan  for  oonduoting  periodio  medioal  oheokups  la 
oomplled.  The  plan  oovers  the  number  of  personnel  to  receive  oheokups, 
their  profeesionS}  the  datea  of  the  oheoi)cup8}  the  medioal  staff  to 
be  assembled  to  oonduot  the  oheolcupS}  and  also  the  number  and  tyi>e8 
of  laboratory}  X-ray  and  other  axamlnatlons.  The  responsible  person 
for  oonduoting  the  periodio  medioal  oheokups  is  the  ohlef  physlolan 
(or  his  deputy  for  medioal  affairs)  of  the  medioal -prophylaotio 
office  (medioal  unit).  Idata  of  persomel  to  undergo  the  medioal 
oheolcup  are  presented  by  the  administration  of  the  enterprise*  The 
plan  for  oonduoting  a  periodio  medioal  oheokup  is  coordinated  with 
the  trade  luiion  organization  and  the  administration  of  the  enterprise* 
The  administration  of  tlio  enterprise  is  responsible  for  prompt 
appearanoe  of  the  personnel  at  the  medioal  examinations  in  acoordanoe 
with  the  approved  plant  the  medioal  office  is  responsible  for  the 
(quality  of  the  examiioation* 

In  oonduoting  periodio  medioal  oheokups  of  personnel  working 
with  beryllium  and  its  compounds,  it  is  neoessary  to  have  the 
following  medioal  speoialletsi  therapist,  otolaryngologist, 
dermatologists,  neuropathologist,  and  radiologist*  The  required 
laboratory  and  other  diagnostlo  tests  include  the  following!  X-ray 
of  the  oheet,  spirometer}  and  general  analysis  of  the  blood  and 
urine.  Besides  these }  it  is  neoessary  to  test  the  urine  for  its 
content  of  beryllium.  (74)  (^ee  Appendix  IV)  The  results  of  the 
checlcup  are  entered  in  the  medioal  booklet  of  periodic  medical 
oheclcups  which  is  maintained  for  eaoh  ongineer-technioian  from  the 
time  he  steirts  work;  it  is  kept  in  a  special  file  by  the  shop 
doctor.  Tlie  results  of  suooeedlng  medical  cheokdps  are  entered  in 
the  same  medioal  booklet*  This  makes  it  possible  to  provide 
continuing  observation  of  the  state  of  health  of  the  worker  and 
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simplifies  the  aheolcin^;  of  the  Indicated  medical *prophylactio 
measures •  As  a  result  of  conducting  a  medical  checkup  it  is 
possible  to  uncovert  ill  persons  with  obvious  symptoms  of  beryllium 
poisoning}  oases  of  suspected  work-connected  ailments  which  require 
further  tests  or  observation;  individuals  suffering  from  a  disease 
which  bars  them  from  working  with  beryllium  and  its  compounds} 
persons  with  ailments  which  require  bed  pr  ambulatory  treatment; 
etc. 


Upon  the  oompletlon  of  the  medical  oheokup  of  the  personnel 
working'  in  a  given  shop  of  an  enterprise >  a  complete  analysis  is 
made  of  the  results  of  the  examinations  •  Depending  on  the  nature 
and  degree  of  the  pathologloal  changes  uncovered  during  the 
examinations,  appropriate  medloal-prophylatio  measures  are  designated, 
including  the  followlngi  systematlo  dispensary  observation; 
admission  for  bed  treatment  or  teatlng;  admission  to  a  prophylaotorium, 
rest  home,  or  sanitorlum;  provision  of  a  special  diet;  vacation; 
temporary  removal  from  the  oonditlons  of  beryllium  production; 
permanent  removal  from  the  conditions  of  beryllium  production; 
sending  the  person  to  a  resort;  eto. 

Sanitary-hygienic  measures  to  improve  tlie  worklt^g  conditions 
are  being  developed  in  these  produotlon  areas  where  instances  of 
work-oonnsoted  ailments  axe  uncovered.  ‘These  measures  are  included 
in  a  single  complex  plan  of  sanitary  improvements  or  in  the 
oolleotive  agreement  on  labor  protection,  equipment  safety,  and 
industrial  sanitation  at  the  enterprise. 

The  medical  booklete  for  periodic  medical  checkups  of  workers 
who  have  contacted  work-oonneoted  ailments  and  of  workers  who  are 
suspected  of  having  work-oonneoted  pathologloal  changes  are  marked 
accordingly  and  axe  kept  in  a  separate  card  file  imder  "work- 
connected  sick"  and  "suspected  sick."  Control  cards  are  filled  out 
for  individuals  with  genersd  ailments  requiring  dispensary  observa¬ 
tion. 


The  diagnosis  of  an  acute  work-oonneoted  ailment  la  established 
on  the  basis  of  tests  of  the  ill  person,  his  prophylactic  anamnesis 
and  prophylatio  course,  and  the  nature  of  the.  working  oonditlons 
immediately  prior  to  the  outbreak  of  the  illness. 

The  diagnosis  of  a  olironic  work-oonneoted  ailment  is 
established  by  a  doctors*  consultative  commission  after  oonfiiiement 
aiad  testing  on  the  basis  of  olinioal  data  which  has  been  confirmed 
by  the  appropriate  laboratory.  X-ray  and  other  tests. 

Each  case  of  an  acute  work-oonneoted  ailment  with  loss  of 
capacity  for  work  and  all  cases  of  clironio  work-connected  ailments 
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with  or  without  loss  of  oapaoity  for  work  are  to  be  inveatigatod  ih 
aooordaiioe  with  the  "Regulation  on  the  notification  and  registration 
of  work-oonneoted  poisoning  and  work-ooimeoted  ailments"  and  the 
"Instructions  on  oonduotint;'  the  registration!  follow>upi  and  records 
on  work-oonneoted  poisoning  and  work-oonneoted  ailments!"  ae  approved 
by  the  People's  Commissariat  for  Public  Health  of  the  USSR  on 
16  PebruEiry  1939  •  On  the  baals  6f  the  materials  from  the  investiga¬ 
tion!  the  industrial-sanitary  physician  together  with  the  shop 
doctors  each  t.j.uarter  oonduots  a  detailed  analysis  of  the  work- 
oonneoted  dlsaane  rate  and  indicates  aanitary  measures  to  be 
implemented.  The  data  on  the  work-oonneoted  disease  rate  and  the 
list  of  sanitary  measures  are  disoussed  at  a  meeting  with  the  ohlef 
engineer  of  the  plant  which  is  attended  by  the  ohlefs  of  the. shops 
and  representatives  of  the  trade  union  organization. 

The  struggle  against  the  temporary  loss  of  oapaoity  for  work 
is  of  great  importance  in  the  activities  of  a  medioal-prophylaotio 
office  and  the  industrial-sanitary  servloe  of  a  Banltary-epidemloo- 
logloal  station  whioli  serve  the  personnel  of  an  enterpriaa! 
inoluding  those  involved  in  the  produotion  of  beryllium  and  its  salts. 
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PROTEOTIOH  OF  TUB  EXTERNAL  EIWIRONMEOT 
IRCM  BERYLIilWl  CONTAMINATION 


^ollowin^'  ie  a  translation  of  Chapter  6  of  a  book  by 
Valentlii  lillcliaylovloh  Kozlov  and  Valentin  Smltrlyevloh 
Turovskiy  Berllliyi  Tokeikologlva.  Klinika  Porazhenlv. 
Qlalvena  Tmida  (Berylllumt  Toxioologyi  Ciinl'oal  Aspects 
of  Diseases,  Labor  Hygiano),  State  Publishing  House  for 
Literature  in  the  Field  of  Atomic  Solenoe  and'  Teohnologyi 
Mosoow,  1962,  pages  94-98a7 


Besides  the  basio  component  elements  (oxygen  ■—  49*9‘/°i 
silioon  —  25«T/>|  alumtnuB  —  7»9^i  iron  —  {V'-loius!  —  2,^, 

sodium  —  eto.)  all  the  elements  entering  into  Mendeleyev's 

System  are  oontalned  in  dispersed  form  in  small  quantities  under 
natural  gondltlonn  In  the  surrounding  external  environment 
(atmosphere,  liydrosphore,  and  llthospliere) •  (6) 

The  elements  os  a  result  of  the  oonstaiit  Q::ohBnge  of  substances 
enter  plants  and  animal  organisms. 

In  the  oomposltlon  of  living  organisms,  besldea  the  11 
maoroelements  (hydrogen,  oxygen,  oorbon,  nitrogen,  eodlum,  magnesium, 
phouphorous,  sulfui’,  chlorine,  potassium,  and  caloium),  v^lch  are 
oontalned  in  oonoentratlons  of  from  whole  number  to  hundredth 
percentages,  there  are  J9  mloroelemente,  including  beryllium.  Many 
of  these  microelements  are  of  great  importance  in  the  biologioal 
prooessee  as  mineral  catalysts  entering  Into  the  oomposltlon  of 
biologioal  substrata.  The  content  of  beryllium  in  animal  organisms 
Is  0.000001^,  and  in  plants  it  is  0.001^.  The  quantity  of  beryllium 
in  the  human  organism  and  in  animals  depends  on  its  content  in  the 
external  environment. 

The  Importance  of  beryllium  as  a  microelement  has  not  been 
studied  suffiolently.  However,  it  is  luiown  that  increased  ooncen- 
trationa  of  it  iii  an  organism  cause  a  series  of  pathologioal  changes. 
According  to  the  data  of  N.  H*  Tomson  (6),  an  excess  of  beryllium 
alon^j’  with  airaulta:eous  insufficienoy  of  calcium  in  an  organism 
leads  to  bcrylliuia  rickets  in  animals. 
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The  development  of  the  Inauetrial  production  of  beryllium  in 
recent  years  hna  lad  to  Its  spread  in  tlie  external  environment  to 
oonslderable  diatanoee,  chiefly  as  u  result  of  production  discharges 
into  the  atmosphere.  (75»  76)  contamination  by  beryllium  of  the 
surrounding  environment  iA  the  area  of  a  plant  which  is  receiving  and 
processing  beryllium  considerably  exceeds  the  concentrations  of 
beryllium  which  are  encountered  under  natural  conditions,  even  in 
areas  wMoh  are  rich  in  beryllium  and  other  minerals  containing 
beryllium.  The  beryllium  which  is  in  the  atmosphere  near  the  enter¬ 
prises  enters  the  organism  of  people  living  in  the  area  of  the 
entorprise  and  in  a  number  of  oaeee  oauses  pathologloal  changes  which 
lead  to  tlie  development  of  bexylliosis.  J.  Sterner  and 
M.  maenbad  (32)  recorded  ten  oases  of  affliction  with  berylliosis 
among-  people  who  had  lived  for  ten  years  In  the  vicinity  of  beryllium 
production.  M«  ISiaenbad  ( 10) ,  indicating  the  hl^  toxicity  of 
beryllium,  describes  a  case  of  acute  disease  of  tlie  lungs  ooused  by 
beiylliumt  this  was  recorded  for  a  person  living  in  the  vicinity  of 
a  plant  for  the  extraction  of  beryllium  from  ore  in  Bonora, 
Peimsylvania,  DSA;  however,  this  acute  case  was  the  only  one  among 
instanaas  of  ohronlo  affliotion, 

Among  persons  living  at  a  distance  of  1,200  meters  from  this 
plant,  there  were  16  recorded  cases  of  beryllloels,  3  of  which  ended 
in  death.  A  teat  of  the  contamination  of  the  air  by  beryllium  In 
the  vicinity  of  the  plant  during  a  period  of  normal  operation  showed 
that  the  conoentration  of  beryllium  at  a  dlatonoe  of  1,200  meters 
from  tlu}  plant  varied  between  0.00001  to  0.0001  milligrams  per 
oublo  meter.  At  a  diotanoe  of  400  meters  from  the  plant  where  tlie 
concentration  of  bexylllum  in  the  air  was  0.001  milligrams  per 
oubic  meter,  the  frequency  of  oases  of  berylliosis  among  inhabitants 
not  involved  in  the  production  of  beryllium  was  about 

0.  V.  Chamberlain  (36)  points  to  21  cases  of  berylliosis 
which  developed  among  persons  living  near  a  place  of  beryllium 
production  but  who  did  not  have  worlcing  contact  with  beryllium. 

In  addition,  he  states  that  in  the  speotroaoopio  examination  of 
lung  tissue  of  13  inhabitants  of  this  area  who  had  died  of  various 
causes  but  did  not  have  ollnloal  symptoms  of  beryllium  disease,  in 
12  persons  there  was  beryllium.  In  one  of  these  cases  beryllium  was 
found  in  the  lung  tissue  of  a  three  year  old  baby  who  had  lived 
16  kilometers  from  the  plant. 

1.  n.  ^'<ardl  (36)  reports  of  20  oases  of  berylliosis  of  non- 
work-oonnected  origin  among  persons  living  near  enterprises  using 
beryllium  and  among  members  of  the  families  of  workers  at  these 
enterprises  who  brought  home  clothing  which  was  contaminated  with 
beryllim.  Of  this  total,  6  cases  ended  in  death. 


-  28  - 


Aooordliie  to  the  data  of  Slsenbad  in  the  vlolnity 

of  a  beryllliua  plant  at  a  diatanoe  of  100  meters  from  the  waste 
staok  which  was  10.3  meters  hi(;h|  the  oonoentration  of  beryllium  in 
the  air  was  approximately  0.0002  mllli^ama  per  oubio  meter  for  a 
total  dischax^'e  of  2,268  grams  of  beryllium  per  day  or  68  kilograms 
of  beryllium  per  month.  The  main  eouroes  of  the  entry  of  beryllium 
into  the  atmosphere  were  the  operations  at  the  subliming  and 
pyrolysis  furnaoee,  the  seotlon  for  reoelTlng  and  loading  the 
hydroxide,  the  point  for  packing  tho  prepared  produdt,  and  the 
drier  units.  Besides  these,  the  air  of  the  air-olroulation  system 
which  had  become  contaminated  when  repairs  were  being  performed 
while  tlie  apparatus  was  open  could  be  a  souroe  of  beryllium 
contamination  of  the  atmosphere. 

In  order  to  lower  the  concentrations  of  beryllium  in  the 
discharge  air,  they  employ  sleeve  filters  and  wet  sorubbers;  however, 
with  this  iicthod  the  neoessory  oleanllnesa  of  the  disoharged  air  is 
not  aohieved. 

For  cleaning  air  with  high  oonnentrations  of  dust  and'  with 
dust  particles  greater  than  one  micron  in  size  It  is  proper  to  use 
sleeve  flltere.  Suoh  duet  is  fotnsd  during  the  procssses  of  crushing 
and  pulverizing  the  beryllium  concentrate  and  sodium  fluosllloata 
and  also  during  the  operations  of  prspsring  a  oharge. 

The  cleaning  of  the  air  in  plaoea  where  gases  and  aerosols 
are  formed  is  best  performed  using  foam  appa  'atus.  Foam  apparatus 
are  aorubbera  in  vrhloh  aerosols  of  berylliius  are  attracted  by  the 
epraylno'  compound  in  the  counter  current  of  air.  In  order  to 
increase  the  oontaot  surface,  nozzles  are  employed  on  whioh  there 
forms  a  layer  of  foam  whioh  gives  greater  effeotiveneas  in  trapping 
the  asrosola.  Suoh  a  type  of  cleaning  device  oan  be  recommended  for 
the  preliminary  cleaning  of  air  Wiloh  has  been  expelled  by  local 
pumps  from  the  equipment,  at  operations  of  roasting  a  charge,  in 
drying  unite,  in  subliming  and  pyrolysis  furnaoes,  in  decomposing 
furnaces,  and  in  other  production  sectors  whers  oonalderable 
quantities  of  dust  or  gas  ere  formed. 

Beeldes  the  foam  apparatus,  for  preliminary  oleanlng  it  is 
possible  to  use  centrifugal  rotatixig  oleanlng  it  ie  poeslble  to  use 
centrifugal  rotating  duet  removers  (77)  and  fiber  filters  with  a 
fiber  diameter  of  500  to  10  miorons.  Fiber  filters  retain  up  tO 
99/^  of  the  beryllium  aerosols.  \Jben  using  fiberglass,  special 
attention  should  be  devoted  to  the  even  distribution  of  the  filter 
layer,  otherwise  the  air  streams  oan  create  spaces  between  the 
fibers  through  which  the  aerosols  oan  pass  freely  throueJi  the 
filter. 


Air  froLi  the  local  pumpa  and  teohnological  blovfers  vrhloh 
has  been  preliminarily  cleaned  of  the  main  mass  of  dust  must  go  to 
the  exhaust  ventilatiiia  center  for  further  oleaninfi  by  the  two-atep 
method.  F6r  the  first  step  of  cleaning  the  aerosols  it  la  poaslble 
to  use  granular  tower  filters  in  which  ohaxooal  turnings\  and  teflon 
and  rubber  grains  are  used  as  the  filler.  The  filtration  in 
granular  filters  is  based  on  the  presenoe  in  tlie  air  of  , aerosols  of 
condensation  origin.  The  effeotiveness  of  these  filters  reaches  99?^* 

Besides  the  tower  granular  filters^  it  is  also  possible  to 
use  fiber  filters  as  the  first  stage  in  oleanlng  air  of  attrosols  at 
the  exhauet  ventilation  center. 

A  higher  degree  of  oleanlng  the  air  while  trapping  finely 
dispersed  aerosols  (less  than  one  nloron)  is  provided  by  tlie  second 
step  of  cleaning  using  frame  filters  of  FFP-15  fabric. 

FHP-I5  fabric  oarrios  an  eleotrio  charge.  The  trappiUig  of 
the  aerosols  Is  aocompllahed  both  by  the  eleotrostatio  preolpltation 
of  oliarged  particles  and  between  the  fibert  of  the  fabric,  the 
thickness  of  whioh  Is  less  than  one  mloron.  The  effeotiveness  of 
•oleanlng  using'  frame  filters  of  FEP-15  fabric  reaches  99 .99?^.  The 
air  after  the  filial  cleaning  through  the  frame  filters  of  FPl’-IJ 
fabric  can  be  discharged  into  the  atmosphere Uhrou^  a  pipe,  the 
height  of  wliioh  has  been  calculated. 

The  air  of  the  general  ventilation  system  which  is  evacuated 
from  the  zono  of  the  equipment  and  the  repair-transport  areas  also 
should  be  cleaned  by  the  equipment  of  the  exhaust  ventilation  center. 

The  4uoetion  of  the  location  of  enterprises  involved  in  the 
production  of  beiyllium  le  of  great  Importanoe  in  protecting  the 
health  of  the  surrounding  population  beoauae  the  toxiolty  of  beryllium 
exceeds  the  toxicity  of  all  compounds  previously  used  in  industry 
and  beoause  there  Is  no  Information  on  the  influence  of  email 
concentrations  of  beryllium  on  the  organism  of  man  throughout  the 
oourss  of  his  life.  In  building  plants  for  obtaining  and  using 
beryllium,  it  is  necessary  to  envisage  a  sanitary-proteotive  zone 
with  a  radius  of  not  less  than  2  to  ^  kilometers. 

Along  with  the  gas  and  aerosol  dlsoharges,  there  are  also 
liquid  and  solid  wastes  which  ha've  an  unfavorable  influence  on  the 
extent  of  oontsmination  of  the  external  environment.  C78i79)  Solid 
wastes  in  the  form  of  dismantled  equipment,  building  rubble  formed 
during  reconstruotion  work,  and  the  imate  pulp  and  residue  which 
contains  residual  amounts  of  beryllium  can  be  secondary  sources  of 
beryllium  contamination  of  the  air  and  soil.  Therefore,  all 
dismantled  e^iuipraent,  contaminated  gear  and  other  parts  should  be 


oarofully  waaliod  in  apeoial  premiaea  and  only  afterwaxda  ahould 
they  be  talcen  out  of  the  shop  for  fiurther  traiiaporting  or  repair. 
Buil<iinti'  rubble  and  other  solid  waatas  which  are  not  to  be  used 
any  more  ahould  bo  burled  in  a  apeoial  area  on  the  plant  grounds. 
V/astes  which  are  to  be  burned  should  be  burned  in  special  furnaoea 
which  are  equipped  with  a  ayatem  for  trapping  aerosols ’from  exhaust 
gases. 


Production  wastes  In  the  form  of  ._iulp,  oakes,  and  gravel 
ahould  be  oaat  into  a  waste  reservoir  by  a  hydraulic  conveyor  system. 
The  purified  water  of  the  waste  reservoir  sliould  be  reused  primarily 
in  the  hydraulic  conveyor  system. 

The  waste  reservoir  sliould  be  oeparatad  from  any  living 
quarters,  public  buildings,  and  rest  areas  of  the  workers.  Around 
the  waste  reservoir  there  should  be  a  sanitaiy-proteotivo  zona  with 
a  radius  of  not  less  than  one  kilometer. 

In  order  to  eliminate  the  possibility  of  forming  dust  and 
spreadirv.;  it  from  the  surface  of  the  waste  reservoir,  the  waste 
should  be  covered  with  fresh  dirt  as  the  various  eections,  start  to 
fill  US. 

The  industrial  waste  water  from  beryllium  production  can 
oontiuiiinate  opeii  water  reservoirs  with  beryllium. 

The  works  of  a.  P.  Zaytseva  euid  Ye.  0,  Repina  (40)  indicate 
that  a  beryllium  content  in  the  water  of  0.05  mllligromB  per  liter 
does  not  have  a  retarding  effect  on  the  bloohemloal  prooessea  of  the 
consumption  of  oxygen.  Concentrations  of  beryllium  in  the  water  of 
0.5  to  1  milligram  per  liter  cause  a  retardation  of  the  oxidation 
of  glucose  (BPIC-8  was  ‘j2  to  50?^) »  for  o  beryllium  content  of 
3  milligramB  por  liter  the  consumption  of  oxye,eji  was  sharply 
retoi'ded  (BPIi-U  was  27/^)?  and  for  5  milligrams  por  liter  it  stopped 
completely. 

This  data  makes  it  possible  to  establish  the  fact  that  the 
retarding-  of  the  iirooesses  of  tlie  biochemical  consumption  of  oxygen 
begins  with  concentrations  of  beryllium  in  water  of  greater  than 
0.5  milligrams  per  liter.  The  later  can  have  a  negative  effect  on 
the  operation  of  equipment  designed  to  accomplish  the  biological 
purification  01  v/aote  water  and  can  nleo  disrupt  the  ijroceases  of 
self-purification  of  the  reservoir  from  orgr.nic  substances  of 
ordinary  waste. 

i/aste  water  from  boiyllljni  production  should  be  cleaned 
thoroughly  and  after  this  should  be  returned  to  the  teolinological 
process. 
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I'hen  the  water  of  open  reservoir  a  will  remain  pure. 
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